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3 (a) (i) smaller because area smaller  B1 

 

  (ii) smaller because depth/height smaller     ignore less water  B1 

 

 

 (b) (i) hρg   OR   12 × 1000 × 10   C1 

   1.2 × 10
5

 Pa OR 1.1772 × 10
5

 Pa  OR  1.176 × 10
5

 Pa accept N/m
2

 A1 

 

  (ii) candidate’s (i) + 1.0 × 10
5

  Pa correctly evaluated with unit (correct value 

2.2 × 10
5

) B1 

 

  (iii) p
1
V
1
 = p

2
V
2
  in any form C1 

   1.1 cm
3

 

   OR   0.5 × candidate’s (ii)/10
5

  correctly evaluated A1 

 

  (iv) value in (iii) too small OR volume larger  o.w.t.t.e. B1 [8] 

 

 

4 (a) rheostat/variable resistor AND  control/vary/change/ limit 

  current /resistance/power/voltage across heater B1 

 

 

 (b) (i) P = VI   in any form OR (I=) P/V C1 

   1.25 A A1 

 

  (ii) (R =) V/I in any form words or numbers  C1 

   (voltage across X =) 2.4 (V) OR 6 - 3.6 (V) C1 

   1.92 Ω     e.c.f. from (b) (i) A1 

 

 

 (c) battery running down/going flat/energy of battery used up OR V or e.m.f. less   

  OR more/increasing resistance (of heater) NOT resistance of X increases B1 

 

 

 (d) (i) transformer condone step-up OR potential divider/potentiometer NOT extras  B1 

 

  (ii) diode   OR   rectifier   OR   L.E.D.  NOT extras B1 [9] 
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4 (a) 330 J of heat / energy required to change 1 g of ice to water at constant 

temperature / at melting point / at 0 degrees C B1 

 

 

 (b) (i) (B to C ice is) changing to water / melting / changing to liquid / changing 

state B1 

 

   (D to E water is) changing to steam / vaporising / boiling / changing to gas B1 

 

  (ii) Sp. latent of vaporisation of water is greater than sp. latent of fusion of ice B1 

 

  (iii) s.h.c. of ice is less than s.h.c. of water B1 

 

   more heat required to raise temperature of water 

   OR rate of temperature rise of water is slower 

   OR temperature rise of water takes longer B1 [6] 

 

 

5 (a) (i) (Molecules) move randomly / in random directions 

   (Molecules) have high speeds 

   (Molecules) collide with each other / with walls B1 

 

  (ii) (Force is caused by) collision (and rebound) of molecules (with the walls) 

o.w.t.t.e C1 

 

  (iii) p = F/A  OR  (force =) pA  OR  300 × 0.12  C1 

      OR  300 000 × 0.12 

     OR any other recognisable pressure × area 

   =  36 kN / 36 000 N A1 

 

 

 (b) (i) p
1
V
1
 = p

2
V
2 
 / 300 × 0.1 (× 0.12) = p

2
 × 0.05 (× 0.12) 

   OR if V is halved, p is doubled OR vice versa  C1 

 

   p
2
 = 600 kPa A1 

 

  (ii) (molecules) collide with walls more often o.w.t.t.e. 

   OR more collisions with walls per second or per unit time o.w.t.t.e B1 [7] 
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3 (a) 1. no resultant force acts / no net force acts 

   OR   total force up / in any direction = total force down / in opposite direction B1 

   allow sum of forces or resultant force for total force  

 

  2. no resultant moment / couple / torque acts 

   OR   (sum of) clockwise moments and (sum of) anti-clockwise moments 

(about any point / axis) balance B1 

 

 

 (b) (i) (anti-clockwise moment =) F × 2 C1 

   (total clockwise moment =) (120 × 33) + (20 × 15) = 4260 (N cm) C1 

   2130 N A1 

 

  (ii) 1990 N   OR   candidate’s (b)(i) – 140 N B1 

   force is downwards    B1 [7] 

 

 

4 (a) surfaces shown at realistic levels in dish and tube AND vertical height h between 

levels clearly shown B1 

  top label: vacuum / mercury vapour B1 

  bottom label: mercury B1 

 

 

 (b) (P =) hdg   OR   0.73 × 13600 × 10 C1 

  99280 Pa at least 2 s.f. B1 

 

 

 (c) one from: 

  abnormal weather / atmospheric conditions   o.w.t.t.e. 

  air in space above mercury in tube 

  barometer is in a high altitude location   o.w.t.t.e. 

  space above mercury is not a vacuum  B1 [6] 

  ignore atmospheric pressure varies   ignore temperature 

 

 

5 (a) (i) most: gas 

   least: solid   both required B1 

 

  (ii) because change of pressure (also) causes volume change (in a gas) B1 

   NOT   ‘gas can be compressed’ 

 

 

 (b) (i) two from: 

   expands uniformly (over required range)  

   remains liquid over required range  

   expands more than glass / has high expansivity / expansion  

   has (reasonably) low specific heat capacity.  

   has low freezing point / lower freezing point than mercury max B2 

 

  (ii) make (capillary) tube narrower (and longer) / thinner / smaller diameter B1 

   make bulb larger (and tube longer) B1 

   allow ‘bore’ for tube   ignore ‘smaller’   ignore narrow thermometer 
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3 (a) 1. no resultant force acts / no net force acts 

   OR   total force up / in any direction = total force down / in opposite direction B1 

   allow sum of forces or resultant force for total force  

 

  2. no resultant moment / couple / torque acts 

   OR   (sum of) clockwise moments and (sum of) anti-clockwise moments 

(about any point / axis) balance B1 

 

 

 (b) (i) (anti-clockwise moment =) F × 2 C1 

   (total clockwise moment =) (120 × 33) + (20 × 15) = 4260 (N cm) C1 

   2130 N A1 

 

  (ii) 1990 N   OR   candidate’s (b)(i) – 140 N B1 

   force is downwards    B1 [7] 

 

 

4 (a) surfaces shown at realistic levels in dish and tube AND vertical height h between 

levels clearly shown B1 

  top label: vacuum / mercury vapour B1 

  bottom label: mercury B1 

 

 

 (b) (P =) hdg   OR   0.73 × 13600 × 10 C1 

  99280 Pa at least 2 s.f. B1 

 

 

 (c) one from: 

  abnormal weather / atmospheric conditions   o.w.t.t.e. 

  air in space above mercury in tube 

  barometer is in a high altitude location   o.w.t.t.e. 

  space above mercury is not a vacuum  B1 [6] 

  ignore atmospheric pressure varies   ignore temperature 

 

 

5 (a) (i) most: gas 

   least: solid   both required B1 

 

  (ii) because change of pressure (also) causes volume change (in a gas) B1 

   NOT   ‘gas can be compressed’ 

 

 

 (b) (i) two from: 

   expands uniformly (over required range)  

   remains liquid over required range  

   expands more than glass / has high expansivity / expansion  

   has (reasonably) low specific heat capacity.  

   has low freezing point / lower freezing point than mercury max B2 

 

  (ii) make (capillary) tube narrower (and longer) / thinner / smaller diameter B1 

   make bulb larger (and tube longer) B1 

   allow ‘bore’ for tube   ignore ‘smaller’   ignore narrow thermometer 
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 (c) allows fast(er) flow of heat to / from alcohol 

  OR   allows fast response (to temperature change) 

  OR   because glass is a poor conductor / good insulator (so needs to be thin for 

fast response) 

  OR   heat transfer more efficient / faster 

  OR   glass takes up less heat B1 [7] 

  ignore reference to sensitivity   ignore ‘easier’ 

 

 

6 (a) (i) 1. compressions and/or rarefactions closer together 

    OR    more compressions and/or rarefactions B1 

    ignore wavelength shorter 

 

   2. layers closer together at compressions B1 

    layers farther apart at rarefactions B1 

    OR 

    compressions narrower (B1) 

    rarefactions wider  (B1) 

    ignore wavelength shorter   ignore ‘amplitude greater’   ignore ‘maximum 

displacement greater’ 

 

  (ii) distance between 2 compressions or 2 rarefactions shown with reasonable 

accuracy B1 

 

 

 (b) time taken by sound in air = 200 / 343 = 0.583 s C1 

  time taken by sound in steel = 0.583 – 0.544 = 0.039 s C1 

  5128 m/s  A1 [7] 

 

 

7 (a) (i) light of a single wavelength / frequency   ignore ‘one colour’ B1 

 

  (ii) n = sin i/sin r   OR   1.52 = sin 50/sin r   OR   sin r = sin 50/1.52 C1 

   30.26º at least 2 s.f. A1
 

 

  (iii) ray closer to normal in block B1 

   ray parallel to incident ray emerging from block B1 

 

 

 (b) (i) n = vA/vG   OR   n = 1.54/vG   OR   vG = 3 × 10
8

/1.54 C1 

   1.948 × 10
8 m/s B1 

 

  (ii) ray with smaller angle of refraction than red in block   i.e. violet ray under red ray B1 

   emerging ray parallel to incident ray B1 [9] 
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1 (a) ∆h = 0.068 m    C1 

  use of mgh C1 

  0.054 J/Nm A1 [3] 

 

 

 (b) ½mv
2

 = candidate’s (a)    C1 

  1.2 m/s   ecf from (a) A1 [2] 

 

 

 (c) (i) use of distance ÷ time C1 

   = 1.1 m/s   A1 

 

  (ii) air or wind resistance / friction / heat / thermal energy 

   OR   correct mention of experimental error e.g. width of cylinder B1 [3] 

 

 

2 (a) (i) use of a = ∆v/t in any form   C1 

   23.3 m/s2   ignore sign A1 [2] 

 

 

 (b) (i) 336 000 J B1 [1] 

 

  (ii) use of power × time C1 

   = 180 000 J A1 [2] 

 

  (iii) 54% OR   0.54    

   ecf from (i) and (ii)  B1 [1] 

   accept (= 180 000/840 000) 21%   OR   0.21  

 

 

 (c) anything sensible for a moving vehicle, e.g. flywheel / capacitor / battery M1 

  appropriate change for this device, for example: 

  flywheel: speed or kinetic energy 

  capacitor: voltage or charge or electrical energy 

  battery: voltage or charge or electrical or chemical energy  A1 [2] 

 

 

3 (a) ρgh   in symbols, words or numbers C1 

  700 Pa or N/m2

 A1 [2] 

 

 

 (b) use of F = pA  C1 

  14.7 N  ecf from (a) A1 [2] 

 

 

 (c) (30.9 – 14.7 = )16.2 N   OR   evidence of calculation of resultant C1 

  use of a = F/m C1 

  5.24 m/s2 A1 [3] 
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4 (a) molecules/atoms move more slowly B1 

  fewer collisions   OR   less hard collisions with walls / balloon B1 

  lower pressure B1 [3] 

 

 

 (b) larger surface area of walls OR atoms further apart OR atoms travel further    B1 

  fewer collisions with walls/balloon   (only penalise missing walls once in (a) or (b)) B1 

  lower pressure B1 [3] 

 

 

5 (a) conduction    rod / target / anode  B1 

    copper / thickness of rod B1 

    good conductor / increases amount of conduction (of thermal energy) B1 [3] 

 

 

 (b) convection  fins B1 

    large surface area / number of fins / spaces between fins B1 

    large contact with air / allows air to rise between fins B1 [3] 

 

 

 (c) radiation fins / black surface / end of rod B1 

    black surface / large surface area B1 

    good emitter / large radiating surface   ignore absorber B1 [3] 

 

 

6 (a) incident ray correct at 59°  B1 [1] 

 

 

 (b) (i) use of n = sin i/sin r  C1 

   (r = sin
–1

 (sin59/1.33)) = 40.1°   condone no unit 

   only accept 40° if working shown e.g. sin 59/1.33 A1 [2] 

 

  (ii) ray from A to B AND angle of refraction = 40° B1 [1] 

 

 

 (c) reflected ray at B, correct by eye    B1 [1] 

 

 

 (d) emerging ray refracted away from normal B1 [1] 

 

 

7 (a) (i) 320-350 m/s  condone 100 – 999 m/s    B1 

 

  (ii) 3 × 10
8 m/s  condone 2 – 4 × 108 m/s B1 [2] 

 

 

 (b) use of v = fλ C1 

  correct evaluation of candidate’s (a)(i)/1.2  

  (330 m/s gives 275 Hz) A1 [2] 

 

 

 (c) (i) correct evaluation of candidate’s (a)(i) × 4.8  

   (330 m/s gives 1584m) B1 
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1 (a) mg   in any form C1 

  650 N    A1 

 

 

 (b) gravitational / attractive   and   the Earth B1 

 

 

 (c) (i) 65 kg B1 

 

  (ii) 104 OR 100 N   ecf (i) B1 [5] 

 

 

2 (a) (i) downward curve B1 

   initially horizontal at top   and   not vertical at bottom B1 

 

  (ii) force shown vertically down (accept leaning back a small amount) B1 

 

 

 (b) any two from: 

  same (times) / air resistance negligible / same acceleration B2 

  OR 

  times different B1 

  one has (more) air resistance B1 

 

 

 (c) (time =) 800/320 C1 

  2.5 (s) C1 

  (v =) at   OR   10 × candidate’s t value  C1 

  25 m/s  A1 [9] 

 

 

3 (a) (i) vector has direction   OR   scalar has no direction/only has size B1 

 

  (ii) any appropriate example B1 

 

 

 (b) NOTE: accept diagram in any orientation;  

  triangle or rectangle with hypotenuse/diagonal of  

  length ½ that of one side B1 

  100, 200 and T all correctly labelled B1 

  value in range 165 N – 180 N inclusive B1 [5] 

 

 

4 (a) (i) (P =) F/A   words or symbols B1 

 

  (ii) 22 500 Pa B1 

 

 

 (b) less pressure B1 

  less sinking B1 

 

 

 (c) any suggestion which involves increasing the area in contact with the ice 

  e.g. snow shoes / skis  B1 [5] 
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3 (a) Example: e.g. battery: (chemical to) electrical 

   engine: (chemical to) kinetic / mechanical 

   fire: (chemical to) thermal / heat 

   (human) body: (chemical to) heat / kinetic  B1 

 

 

 (b) (i) (P =) IV  OR  in words  OR  0.27 × 17 C1 

   = 4.59 W at least 2 s.f. A1 

 

 (ii) (K.E. =) efficiency × input  OR 0.35 × 4.59 C1 

   = 1.61 J or Nm   at least 2 s.f. A1 

 

 (iii) 1. d = m/V OR (m =) V × d  OR  in words OR 0.00014 × 1000 C1 

    =  0.14 kg A1 

 

   2. P.E. gained = K.E. lost  OR  mgh = ½ mv
2

  

    OR  0.14 × 10 × h = 1.61 OR 1.6 C1 

    h = 1.15 m  OR  1.14 m at least 2 s.f. A1 

 

    OR 

    ½ mv
2

 = 1.61  OR 

    v
2 

= 2 × 1.61 / 0.14 = 23   OR   v
2 

= 2 × 1.6 / 0.14 = 22.86 (C1) 

    (h =) v
2

/2g = 23/20 = 1.15 m  OR  (h =) 22.86/20 = 1.14 m (A1) 

 

    [Total: 9] 

 

 

4 (a) (p =) F/A  OR  in words  OR  90/4.8  OR  90 / 0.00048 C1 

= 18.75 N/cm2

  OR 1.875 × 10
5 Pa OR 187500 Pa   

OR 187.5 kPa  OR  0.1875 MPa   at least 2 s.f. A1 

 

 

 (b) Area of Y bigger (than area of X so force greater) B1 

 

 

 (c) Volume of oil moved at Y = volume of oil moved at X B1 

Area of Y × distance moved by Y = Area of X × distance moved by X (so distance 

move by Y smaller) B1 

OR 

Work done by piston X = work done on piston Y (B1) 

Work = force × distance and F
2
 is greater than F

1
 so distance moved by Y smaller 

(than distance moved by X) (B1) 

 

 

 (d) Air bubbles compress when pressure applied M1 

More movement of piston X required for same movement of piston Y   

OR  Y moves less (for same movement of X) 

OR Driver must push the brake pedal further / do more work 

OR Pressure reduced / force on Y reduced 

OR System is less efficient  A1 

 

    [Total: 7] 
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5 (a) (i) e.g. freezing, solidification, condensation  

   OR example e.g. water to ice, steam to water, gas to solid   B1 

 

 (ii) No change   B1 

 

 

 (b) Heat/energy required to change temperature of the body B1 

by 1 °C / 1 K / 1 unit / 1 deg B1 

OR 

mass (of body) × specific heat capacity (B2) 

 

 

 (c) (i) Q = mcθ  OR  in words  OR  250 × 4.2 × 20 C1 

= 21000 J   A1 

 

 (ii) 21000 J  OR  same as (c)(i)   B1 

 

 (iii) Q = mL  OR  m = Q/L  OR  either in words 

OR  21000 = m × 330  OR  m = 21000/330 C1 

= 63.6 g at least 2 s.f. A1 

 

    [Total: 9] 

 

 

6 (a) (i) Glass / flask receives heat / rises in temperature  B1 

Glass / flask expands B1 

 

 (ii) Heat flows through glass to water OR Water receives heat / thermal energy 

from / conducted by glass  OR Water temperature rises OR Water molecules 

move faster / gain K.E. B1 

Water expands / Water molecules move further apart B1 

 

 (iii) Glass / solid expands less OR water / liquid expands more   B1 

 

 

 (b) Use a bigger flask  OR  a narrower tube 

OR Use a solid and a liquid that expand more B1 

 

    [Total: 6] 
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1 (a) (i) BC    OR    40 – 70    OR    2nd section B1 

 

  (ii) AB    OR    0 – 40    OR    1st section B1 

 

 

 (b) (i) area under graph OR speed × time seen or used C1 

   70–40    OR    30 C1 

   8 × 30   e.c.f. C1 

   240 (m) A1 

 

  (ii) 7 × 10    OR    average speed × time 

   OR area of triangle + area of rectangle C1 

   70 (m) A1 

 

 

 (c) line down from D to axis at 110s (need not be straight) B1 

  [Total: 9] 

 

 

2 (a) 76 (cm Hg) B1 

 

 

 (b) 60 – 50 C1 

  candidate’s (a) + or – 10 e.c.f. C1 

  86 (cm Hg)   c.a.o. A1 

 

 

 (c) L.H. goes up B1 

  R.H. goes down B1 

[Total: 6] 

 

 

3 (a) diagonal, top L to bottom R, drawn (accept any part of this diagonal) B1 

 

 

 (b) within range 23 – 27 (°) B1 

 

 

 (c) candidate’s (b) B1 

 

 

 (d) larger angle before toppling B1 

[Total: 4] 

 

 

4 (a) (i) gravitational/potential/GPE/PE B1 

  (ii) force/mass/weight   AND   height/distance C1 

   force/mass/weight of (basket) of rocks AND height/distance of cliff A1 

 

 

 (b) chemical/chemical PE    NOT just PE B1 

 

 

 (c) time  M1 

  to raise basket up cliff A1 

[Total: 6] 
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